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FLEXIBLE DISPLAY PANEL AND
PREPARATION METHOD THEREFOR, AND
DISPLAY DEVICE AND DISPLAY MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present disclosure 1s a national phase entry under 35
U.S.C. § 371 of International Application No. PCT/CN2021/
101016, filed on Jun. 18, 2021 and claims priority of
Chinese Patent Application No. 202010690435.9, filed on
Jul. 17, 2020, and entitled “FLEXIBLE DISPLAY PANEL
AND PREPARATION METHOD THEREFOR, DISPLAY
DEVICE, AND DISPLAY MODULE,” the entire disclo-

sures of which are incorporated herein by reference 1n their
entireties.

TECHNICAL FIELD

The present disclosure relates to the field of display
technology, and 1n particular, to a tlexible display panel and
a method for preparing the tlexible display panel, a display
device including the tlexible display panel, and a display
module including the flexible display panel.

BACKGROUND

With the rapid development of display technology, the
trend towards aesthetics and thinness of electronic products
1s gradually emerging, and curved surface lamination of
Organic Light-Emitting Diode (OLED) flexible displays 1s
also developing rapidly. With the maturity of two-sided
curved surface lamination process ol the OLED flexible
display, the four-sided curved surface lamination of the
OLED flexible display 1s increasingly favored by panel
manufacturers and cell phone manufacturers.

However, there 1s a technical dithiculty in the four-sided
curved surface lamination of the OLED flexible display,
which 1s the corner lamination. With the increase of the
depth of the OLED flexible display into the comner arc area
of the cover, the force of the OLED tlexible display becomes
more complicated. After the corners of the OLED flexible
display are laminated, the middle area of the screen corners
1s subject to greater radial and tangential tensile stress,
resulting 1n the maximum tensile stress 1s greater than the
maximum tensile stress on the long side and short side,
which 1s more likely to produce cracks. The edge area of the
screen corners 1s subjected to larger tangential compressive
stress, which 1s prone to wrinkles. In addition, due to the
design of the mechanism equipment and the flexible display
panel, the profiling of the flexible display 1s often not
suilicient when the four sides of the OLED flexible display
are curved to be laminated, and the four corners of the
flexible display will be lifted, resulting 1n pre-contact often
occurs when the flexible display and cover are laminated,
that 1s, the edge of the flexible display contacts the cover
first, and then contacts internally to form bubbles. In this
way, after lamination and de-bubbling, 1t 1s also likely to
produce cracks, resulting 1n poor lamination.

It should be noted that the information disclosed in the
background section above 1s only used to enhance the
understanding of the background of the present disclosure,
and therefore may include imnformation that does not consti-
tute the prior art known to those of ordinary skill in the art.

SUMMARY

The present disclosure provides a flexible display panel
and a method for preparing the flexible display panel, a
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2

display device including the flexible display panel, and a
display module including the flexible display panel.

According to one aspect of the present disclosure, there 1s
provided a tlexible display panel including: a planar area; a
first bending area connected to a first edge of the planar area
along a first direction; a second bending area connected to a
second edge of the planar area along a second direction, the
second direction being at a set angle to the first direction;

and a cormner bending area connected to a corner of the planar
area and connected between the first bending area and the
second bending area, and provided with a plurality of first
hole groups, where the corner bending area 1s bent with a
width of a first hole group in middle of the comer bending
area increasing and a width of a first hole group 1n an edge
areca on a side of the corner bending arca away from the
planar area decreasing.

According to one aspect of the present disclosure, there 1s
provided a display device including the flexible display
panel as described above.

According to one aspect of the present disclosure, there 1s
provided a method for preparing the tlexible display panel as
described above, which includes: forming a plurality of first
hole groups 1n the corner bending area by two etching
processes, wherein the corner bending area 1s bent with a
width of a first hole group in middle of the comer bending
area increasing and a width of a first hole group 1n an edge
area on a side of the corner bending areca away from the
planar area decreasing.

According to one aspect of the present disclosure, there 1s
provided a display module including: a cover; the tlexible
display panel according to any one of the above embodi-
ments; and a carrier film for carrying the flexible display
panel when the flexible display panel i1s laminated to the
cover. The carrier film comprises: a plane carrying area for
carrying the planar area of the flexible display panel; a first
bending and carrying area connected to a first edge of the
plane carrying area in a first direction, for carrying a first
bending area of the tlexible display panel; a second bending
and carrying area connected to a second edge of the plane
carrying area in a second direction, for carrying a second
bending area of the flexible display panel, the second
direction being at a set angle to the first direction and a
corner bending and carrying area connected to a corner of
the plane carrying area, for carrying a corner bending area
of the flexible display panel, wherein a space 1s provided
between the corner bending and carrying area and the first
bending and carrying area, and a space 1s provided between
the corner bending and carrying area and the second bending
and carrying area.

Other features and advantages of the present disclosure
will become apparent through the following detailed
description, or will be learned 1n part through the practice of
the present disclosure.

It should be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and not for limiting the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Accompanying drawings herein, which are incorporated
in the specification and constitute a part of the present
specification, illustrate embodiments conforming to the
present disclosure, and are used to explain the principles of
the present disclosure together with the specification. It 1s
apparent that the accompanying drawings described below
are only some embodiments of the present disclosure, and
other accompanying drawings can also be obtained accord-
ing to these accompanying drawings without any creative
cllorts by those skilled 1n the art,
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FIG. 1 1s a simulation schematic diagram of the stress
distribution in the corner bending area after the lamination
of the tlexible display panel 1s completed in the related art,

FIG. 2 1s a schematic diagram of the force analysis in the
middle of the corner bending area after the lamination of the
flexible display panel 1s completed 1n the related art.

FIG. 3 1s a schematic diagram of the force analysis 1n the
middle of the corner bending area after the lamination of the
flexible display panel 1s completed 1n the related art.

FIG. 4 1s a structural schematic diagram of a flexible
display panel according to a first embodiment of the present
application.

FIG. 5 1s a structural schematic diagram of the partially
enlarged structure of the corner bending area shown 1n FIG.
4.

FIG. 6 1s a structural schematic diagram of a corner
bending area of a flexible display panel according to a
second embodiment of the present application.

FIG. 7 1s a structural schematic diagram of a corner
bending area of a flexible display panel according to a third
embodiment of the present application.

FIG. 8 1s a structural schematic diagram of a corner
bending area of a flexible display panel according to a fourth
embodiment of the present application.

FIG. 9 1s a structural schematic diagram of a corner
bending area of a flexible display panel according to a fifth
embodiment of the present application.

FIG. 10 1s a structural schematic diagram of a corner
bending area of a flexible display panel according to a sixth
embodiment of the present application.

FIG. 11 1s a schematic diagram of the force state of the
hole groups in the middle and edge areas of the corner
bending area after the lamination of the flexible display
panel of the present application.

FIGS. 12-16 are structural schematic diagrams of various
embodiments 1n which the first hole group and the second
hole group of the flexible display panel of the present
application include one hole.

FIG. 17 1s a structural schematic diagram in which the
first hole group and the second hole group include a plurality
of holes according to an embodiment.

FIG. 18 1s a structural schematic diagram in which the
first hole group and the second hole group include a plurality
ol holes according to another embodiment.

FIG. 19 1s a simulation schematic diagram of the strain
distribution 1n an unperforated corner bending area of the
flexible display panel after the lamination 1s completed,

FIG. 20 1s a simulation schematic diagram of the strain
distribution 1n the corner bending area of the flexible display
panel of the present application provided with the first hole
group aiter the lamination 1s completed.

FIG. 21 1s a simulation schematic diagram of the strain
distribution 1n the corner bending area of the tlexible display
panel of the present application provided with the first hole
group and the second hole group after the lamination 1is
completed.

FI1G. 22 1s a schematic cross-sectional view of the flexible
display panel of the present application.

FI1G. 23 1s a structural schematic diagram of a carrier film
of the display module of the present application according to
an embodiment.

FIG. 24 1s a schematic diagram comparing the edge
position of the flexible display panel with and without the
tension of the carrier film.

FIG. 25 1s a schematic cutaway view of FIG. 24.

DETAILED DESCRIPTION

Embodiments will now be described more fully with
reference to the accompanying drawings. However, the
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embodiments can be implemented 1n a variety of forms and
should not be construed as being limited to the embodiments
set forth herein; rather, the provision of these embodiments
allows the application to be comprehensive and complete
and communicates the ideas of the embodiments in a com-
prehensive manner to those skilled in the art. The same
reference numerals in the drawings indicate identical or
similar structures, and thus their detailed description will be
omitted.

Referring to the simulation diagram of the stress distri-
bution 1 the corner bending area 3 after the lamination of
the tlexible display panel 1n the related art shown 1n FIG. 1,
this figure illustrates that the maximum tensile stress 1s
concentrated 1n the middle area of the corner bending area
3 of the flexible display panel. Referring to the schematic
diagram of the stress analysis 1n the middle of the corner
bending area 3 after the lamination of the flexible display
panel in the related art shown 1n FI1G. 2, this figure illustrates
that the stress 1s divided 1nto radial force F1 and tangential
force F2, Referring to the schematic diagram of the stress
analysis 1n the middle of the corner bending area 3 after the
lamination of the flexible display panel in the related art
shown 1n FIG. 3, this figure illustrates that the maximum
compressive stress 1s concentrated in the edge area of the
corner bending area 3 of the flexible display panel, and the
radial force F1 1s the tensile force and the tangential force F2
1s the pressure 1n the edge area of the corner bending area 3.
The present application first provides a tlexible display
panel. Referring to the structural schematic diagram of a
flexible display panel according to an embodiment of the
present application shown in FIG. 4, the flexible display
panel may include a planar area 1, a first bending area 21, a
second bending area 22 and a corner bending area 3. The
first bending area 21 1s connected to a first edge of the planar
area 1 1n a first direction. The second bending area 22 1is
connected to a second edge of the planar area. 1 in a second
direction, the second direction being at a set angle to the first
direction. The corner bending area 3 1s connected to a corner
of the planar area 1 and 1s connected between the first
bending area 21 and the second bending area 22. The corner
bending area 3 1s provided with a plurality of first hole
groups 5, where the corner bending area 1s bent with a width
of a first hole group 3 1n the middle of the corner bending
area 3 increasing and a width of a first hole group 5 1n an
edge area on a side of the corner bending area 3 away from
the planar area 1 decreasing.

In this embodiment, the edge area of the corner bending
area 3 refers to the area of an arc-shaped edge, away from
the planar area 1, of the corner bending area 3. The tangen-
tial direction 1s the direction perpendicular to the radial
direction.

In this embodiment, the flexible display panel can be
provided as a rectangle with rounded corners, and all four
edges and four corners of the flexible display panel are to be
bent to form a curved surface.

The planar area 1 may be provided in the middle of the
flexible display panel, and the planar area 1 may also be
provided as a rectangle with rounded comers. The planar
area 1 has four straight edges and four rounded edges. The
four straight edges may include two long edges and two
wide edges.

Two first bending areas 21 and two second bending areas
22 are correspondingly connected to the four straight edges
of the planar area 1. The first bending area 21 may be a
long-edge bending area, the first edge may be the long edge
of the planar area 1, and the first direction may be the length
direction of the planar area 1. The two first bending areas 21
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are connected to the two first edges of the planar area 1 along
the first direction, 1.e. the two first bending areas 21 are
connected to the two long edges of the planar area 1 along
the length direction. The second bending area 22 may be a
wide-edge bending area, the second edge may be a wide
edge of the planar area 1, and the second direction may be
the width direction of the planar area 1. The two second
bending areas 22 are connected to the two second edges of
the planar area 1 along the second direction, 1.e. the two
second bending areas 22 are connected to the two wide
edges of the planar area 1 along the width direction.

The first bending area 21 and the second bending area 22
have the same width, the length of the first bending area 21
1s the same as the length of the first edge, and the length of
the second bending area 22 1s the same as the length of the
second edge.

Of course, 1t should be understood that the flexible display
panel can be designed as a right-angle rectangle, a rounded
square, a right-angle square, etc., and can also be designed
as a trapezoid, a parallelogram, etc., as required.

In this embodiment, the corner bending areca 3 i1s con-
nected to the corner of the planar area 1, that 1s, the corner
bending area 3 1s connected to the arc-shaped edge of the
planar area 1, and the corner bending area 3 1s connected
between the first bending area 21 and the second bending
area 22. Specifically, the corner bending area 3 1s provided
in the shape of a quarter circle, the mner circle of the corner
bending area 3 1s connected to the arc-shaped edge of the
planar area 1, and the two straight edges of the corner
bending area 3 are connected to the first bending area 21 and
the second bending area 22, respectively. The length of the
straight edge of the corner bending area 3 1s the same as the
width of the first bending area 21 and the width of the second
bending areca 22, so that the outer circle of the corner
bending area 3 1s tangent to the first bending area 21 and the
second bending area 22 and has a smooth transition.

In addition, 1t should be noted that the corner bending area
3 can also be provided as a notched square. In the case where
the flexible display panel can be provided as a right-angle
rectangle, a right-angle square, a trapezoid, a parallelogram,
etc., the corner bending area 3 can be provided 1n a sector
shape, a parallelogram, or a square.

In this embodiment, referring to FIG. 5, a plurality of first
hole groups 5 are provided in the corner bending area 3, and
the first hole groups 5 may be via holes or blind holes. The
plurality of first hole groups 3 can be arranged to form three
rows, and the arrangement direction of each row of first hole
groups 5 can be the same as the extension direction of the
edge of the corner bending area 3 away from the planar area
1, that 1s, each row of first hole groups 5 can be arranged to
form a circular arc. Of course, the plurality of first hole
groups 5 can be arranged to form two rows, four rows, five
rows or more rows. The arrangement direction of each row
of first hole groups 5 can also be the same as the extension
direction of the edge of the corner bending area 3 connecting
the planar area 1.

The first hole group 3 1s provided 1n a strip shape so that
the first hole group S has a length direction and a width
direction, and the width direction 1s perpendicular to the
length direction, 1.e., whether the first hole group 5 includes
one hole or includes multiple holes, the overall shape formed
by the first hole group 5 1s a strip. The length direction of the
first hole group 5 1s consistent with the radial direction of the
corner bending area 3, 1.e., the length direction of the first
hole group 5 1s provided along the radial direction of the
corner bending area 3. One pixel 4 1s arranged on one side
of the first hole group 5, 1.e., at least one pixel 4 1s provided
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between two adjacent first hole groups in the direction
perpendicular to the radial direction. Referring to FIG. 11,

the first hole group 5 (1.¢., the first hole 51) 1n the middle of
the corner bending area 3 alter the corner bending area 3 1s
bent 1s tangentially dilated to increase the width of the first
hole group 3, and the first hole group 5 (i.e., the first hole 51)
in the edge area of the corner bending area 3 1s tangentially
contracted to decrease the width of the first hole group 5.

In this embodiment, the first hole groups close to the edge
of the flexible display panel are channeled to the edge of the
flexible display panel so as to form a plurality of notches at
the edge of the flexible display panel. That is, the first hole
groups close to the edge of the flexible display panel are
opening holes and the side walls of the holes have openings,
which avoids the formation of wrinkles on the edges of the
flexible display panel. Of course, the first hole groups close
to the edge of the flexible display panel may not be chan-
neled to the edge of the flexible display panel.

In addition, 1t should be noted that two or more pixels 4
can be arranged on both sides of the first hole group 5 1n the
width direction, and no pixel 4 can be provided between two
first hole groups 5 adjacent to each other in the tangential
direction, 1.e., there are two first hole groups 3 provided
between two adjacent pixels 4.

Further, the length direction of the first hole group 5 may
not be aligned with the radial direction of the corner bending
arca 3, and may be set at a slight inclination relative to the
radial direction, e.g., the inclination angle may be less than
or equal to 30 degrees.

Referring to FIG. 6, in the second embodiment of the
present application, the width of the first hole group 3 1n the
middle of the corner bending area 3 and the width of the first
hole group 5 1n the edge area of the corner bending area 3
1s greater than the width of the first hole group 3 in the
remaining part of the corner bending area other than the
middle or the edge area of the corner bending area. Since the
middle of the corner bending area 3 1s subjected to a large
tensile force after being bent, the width of the first hole
group 5 1n the middle of the corner bending area 3 1s set to
be larger, which may range from 10 microns to microns.
Since the edge area of the corner bending area 3 1s subjected
to a higher pressure after being bent, the width of the first
hole group 3 1n this area 1s set to be larger, which may range
from 10 microns to 20 microns.

Referring to FIG. 7, in the third embodiment of the
present application, the density of the first hole groups 5 in
the middle and the edge area of the corner bending area 3 1s
greater than the density of the first hole group 5 1n the
remaining part of the corner bending area other than the
middle or the edge area of the corner bending area. Since the
tensile stress in the middle of the corner bending area 3 1s
large and the compressive stress in the edge area of the
corner bending area 3 is large, the density of the first hole
groups 5 1n the middle and the edge area of the corner
bending area 3 1s set larger, which may range from 40
groups/mm-~ to 100 groups/mm?. The first hole groups 5 are
set denser to reduce the compressive stress 1n the edge area
and the tensile stress in the middle.

Referring to FIG. 8, in the fourth embodiment of the
present application, the first center lines of two first hole
groups 5 adjacent to each other in the radial direction may
be staggered, 1.¢., the two adjacent first hole groups 5 are
staggered with each other. The first center line extends 1n the
same direction as the length direction of the first hole group
5. Of course, the first center lines of the two first hole groups
5 adjacent to each other in the radial direction may also be
aligned 1n the same radial direction, so that the first hole
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groups 3 are neatly arranged 1n the radial direction. There 1s
a distance between two first hole groups 5 adjacent to each
other 1n the radial direction.

Referring to FIG. 9, 1n the fifth embodiment of the present
application, a plurality of second hole groups 9 are provided
in the corner bending area, and the plurality of second hole
groups 9 are arranged to form five rows, and the arrange-
ment direction of each row of second hole groups 9 is the
same as the extension direction of the edge of the side of the
corner bending area 3 away from the planar area 1, 1.e., the
arrangement of each row of second hole groups 9 forms a
circular arc. Of course, the plurality of second hole groups
9 are arranged to form two rows, three rows, four rows, six
rows or more rows. The arrangement direction of each row
of second hole groups 9 can also be the same as the
extension direction of the edge of the corner bending area 3
connecting the planar area 1.

The second hole group 9 1s provided in a strip shape so
that the second hole group 9 has a length direction and a
width direction, and the width direction 1s perpendicular to
the length direction, e, whether the second hole group 9
includes one hole or includes multiple holes, the overall
shape formed by the second hole group 9 1s a strip. The
second center line of the second hole group 9 i1s consistent
with the radial direction, and the second center line extends
in the same direction as the width direction of the second
hole group 9. The second hole groups 9 are arranged 1n a
tangential direction, the two first hole groups adjacent to
cach other in the tangential direction and the two second
hole groups 9 adjacent to each other in the radial direction
surround to form a trapezoid, and there 1s a pixel provided
in the trapezoid. Of course, a plurality of pixels may be
provided in the trapezoid. After the corner bending area 3 1s
bent, the second hole group 9 1n the middle of the comer
bending area 3 1s pulled and expanded 1n the radial direction
to 1ncrease the width of the second hole group 9, and the
second hole group 9 at the edge of the corner bending area
3 1s pressed 1n the tangential direction to increase the width
of the second hole group 9.

In addition, 1t should be noted that two or more pixels 4
can be arranged on both sides of the second hole group 9 1n
the width direction, and no pixel 4 can be provided between
two second hole groups 9 adjacent to each other in the
tangential direction, 1.e., there are two second hole groups 9
provided between two adjacent pixels 4.

Referring to FIG. 9, the width of the second hole group 9
in the middle of the corner bending area 3 and the width of
the second hole group 9 in the edge area of the corer
bending area 3 1s greater than the width of the second hole
group 9 1n the remaining part of the corner bending area
other than the middle or the edge area of the corner bending
area. Since the middle of the comer bending area 3 1is
subjected to a large tensile force after being bent, the width
of the second hole group 9 1in the middle of the corner
bending area 3 1s set to be larger, Which may range from 10
microns to 20 microns. Since the edge area of the corner
bending area 3 1s subjected to a higher pressure aiter being
bent, the width of the second hole group 9 in this area 1s set
to be larger, which may range from 10 microns to 20
microns.

Referring to FIG. 10, 1n the sixth exemplary embodiment
of the present application, the density of the second hole
groups 9 in the middle and the edge area of the corner
bending area 3 1s greater than the density of the second hole
groups 9 1n the remaining part of the corner bending area
other than the middle or the edge area of the corner bending
area. Since the tensile stress 1 the middle of the corner

10

15

20

25

30

35

40

45

50

55

60

65

8

bending area 3 1s large and the compressive stress in the edge
area of the corner bending area 3 1s large, the density of the
second hole groups 9 1n the middle and the edge area of the
corner bending area 3 1s set larger, which may range from 40
groups/mm~ to 100 groups/mm=. The second hole groups 9
are set denser to reduce the compressive stress 1n the edge
area and the tensile stress in the middle.

The second center lines of two second hole groups 9
adjacent to each other 1n the radial direction may be stag-
gered, 1.e., the two adjacent second hole groups 9 are
staggered with each other. The second center line extends 1n
the same direction as the width direction of the second hole
group 9. Of course, the second center lines of two second
hole groups 9 adjacent to each other in the radial direction
may also be aligned 1n the same radial direction, so that the
second hole groups 9 are neatly arranged in the radial
direction.

In this embodiment, the wires between two adjacent first
hole groups 3 and along the radial direction are set as curved
wires. The wires can be metal wires or non-metallic wires
for transmitting signals for each pixel 4. The wire 1s set as
a curve to enhance the stretchability of the wire and reduce
the stress after stretching. Alternatively, the metal wire may
be designed to be curved when passing through the mesh
perforated area to increase stretchability.

In this embodiment, the length of the first hole group 5
refers to the maximum dimension of the first hole group 5 1n
the length direction, and the width of the first hole group 5
refers to the maximum dimension of the first hole group 5 in
the width direction. The length of the second hole group 9
refers to the maximum dimension of the second hole group
in the length direction, and the width of the second hole
group 9 refers to the maximum dimension of the second hole
group 9 1n the width direction.

In this embodiment, referring to the structural schematic
diagrams of various embodiments 1 which the first hole
group and the second hole group include one hole shown 1n
FIGS. 12-16. The first hole group 5 may include one first
hole 51, and a cross section of the first hole 51 may be
rectangular. Of course, 1n other embodiments of the present
application, the cross section of the first hole 51 may be
clliptical, or trapezoidal, etc. The cross section of the first
hole 51 may also be two symmetrically connected trap-
ezo1ds, with the long-bottom edges of the two trapezoids set
opposite each other and the short-bottom edges connected to
cach other. The cross section of the first hole 51 may also be
a shape enclosed by two opposite straight lines and two
opposite curves, and the two opposite curves concave to the
inside of the hole. The width of the first hole group 5 can be
greater than or equal to 5 um and less than or equal to 20 um,
the length can be greater than or equal to 100 um and less
than or equal to 1000 um, the depth can be greater than or
equal to 20 um and less than or equal to 60 um, the distance
between two first hole groups 5 adjacent to each other in the
radial direction can be greater than or equal to 150 um and
less than or equal to 1200 um, and the distance between two
first hole groups 5 adjacent to each other 1n the tangential
direction can be greater than or equal to 150 pum and less than
or equal to 1200 um. The perforation density of the first hole
groups 5 may be greater than or equal to 4 groups/mm~ and
less than or equal to 100 groups/mm?. The second hole
group 9 may include one second hole 91, and a cross section
of the second hole 91 may be rectangular. Of course, 1n other
embodiments of the present application, the cross section of
the second hole 91 may, be elliptical, or trapezoidal, etc. The
cross section of the second hole 91 may also be two
symmetrically connected trapezoids, with the long-bottom
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edges of the two trapezoids set opposite each other and the
short-bottom edges connected to each other. The cross
section of the second hole 91 may also be a shape enclosed
by two opposite straight lines and two opposite curves, and
the two opposite curves concave to the mside of the hole.
The width of the second hole group 9 can be greater than or
equal to Sum and less than or equal to 20 um, the length can
be greater than or equal to 100 um and less than or equal to
1000 um, the depth can be greater than or equal to 20 um and
less than or equal to 60 um, the distance between two second
hole group 9 adjacent to each other 1n the radial direction can
be greater than or equal to 150 um and less than or equal to
1200 um, and the distance between two second hole group
9 adjacent to each other in the tangential direction can be
greater than or equal to um and less than or equal to 1200
um. The perforation density of the second hole groups 9 may
be greater than or equal to 4 groups/mm~ and less than or
equal to 100 groups/mm”.

In addition, referring to the structural schematic diagram
of an embodiment 1n which the first hole group and the
second hole group include a plurality of holes shown 1n FIG.
18. The first hole group 5 may include four first holes 51, the
tour first holes 51 are arranged along the length of the first
hole group 5, and the cross section of the first hole 51 1s
circular. Of course, the first hole group 5 can also include
two, three, five or more first holes 51, and the cross section
of the first hole 51 can also be rectangular, or elliptical, etc.
The second hole group 9 may include four second holes 91,
the four second holes 91 are arranged along the length of the
second hole group 9, and the cross section of the second hole
91 1s circular. Of course, the second hole group 9 may also
include two, three, five or more second holes 91, and the
cross section of the second hole 91 may also be rectangular,
or elliptical, efc.

Further, referring to the structural schematic diagram of
another embodiment in which the first hole group and the
second hole group include a plurality of holes shown 1n FIG.
17. The first hole group 5 may include two first holes 51, and
the two first holes 51 may be arranged along the width
direction of the first hole group 5. The cross sections of the
first holes 31 may also be rectangular. The two rectangles
may have the same length and may have the same or
different widths. Of course, the first hole group 5 can also
include three, five or more first holes 51, and the cross
section of the first hole 51 can also be elliptical, or paral-
lelogram, etc. The second hole group 9 may include two
second holes 91, and the two second holes 91 may be
arranged along the width direction of the second hole group
9. The cross sections of the second holes 91 may also be
rectangular. The two rectangles may have the same length
and may have the same or different widths. Of course, the
second hole group 9 can also include three, five or more
second holes 91, and the cross section of the second hole 91
can also be elliptical, or parallelogram, eftc.

In addition, 1t should be understood that the first hole
group 5 and the second hole group 9 may be the same or
different. The first hole 51 and the second hole 91 may also
the same or different.

In this embodiment, the first hole groups 5 are provided
in a side of an anti-crack dam away from a display area, and
the second hole groups 9 are provided in the side of the
anti-crack dam away from the display area. That 1s, the
flexible display panel may include a display area and a
non-display area provided around the display area, an anti-
crack dam 1s provided in the non-display area, the first hole
group 5 and the second hole group 9 are provided in the
non-display area of the corner bending area, and both the
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first hole group 5 and the second hole group 9 are disposed
on the side of the anti-crack dam away from the display area.

Referring to a stmulation schematic diagram of the strain
distribution of an unperforated corner bending area 3 of the
flexible display panel after the lamination 1s completed
shown 1n FIG. 19, this figure illustrates that the strain 1s
concentrated 1n the middle area of the corner bending area
3. Referring to a simulation schematic diagram of the strain
distribution of the corner bending area 3 of the flexible
display panel provided with the first hole group after the
lamination 1s completed shown i FIG. 20, this figure
illustrates that the corner bending area 3 1s composed of
many small sectors along the radial direction, with the wider
small sectors having a larger elastic modulus to simulate the
non-perforated areas and the narrower small sectors having
a smaller elastic modulus to simulate the perforated areas.
After the lamination 1s completed, the perforated area bears
the large deformation of the screen, and the non-perforated
area 1s less deformed and thus protected. Referring to a
simulation schematic diagram of the strain distribution in the
corner bending areca of the flexible display panel of the
present application provided with the first hole group and the
second hole group after the lamination 1s completed shown
in FI1G. 21, the corner bending area 3 has a network structure
composed of many narrow strips intersecting in the radial
direction and the tangential direction. The network structure
has a small elastic modulus to simulate the first hole group
5 and the second hole group 9 areas, and the small trapezoids
surrounded by the network structure have a larger elastic
modulus to simulate the non-perforated areas. After the
lamination 1s completed, the first hole group 5 and the
second hole group 9 areas bear the large deformation of the
flexible display panel, and the non-perforated areas are less
deformed and thus protected.

The flexible display panel of the present application
absorbs larger tensile and compressive strains through the
tensile and compressible deformation of the first hole group
to reduce the lamination stress and strain in the non-
perforated area of the flexible display panel, which 1n turn
reduces the cracks in the lamination and the wrinkles 1n the
edge of the flexible display panel. Moreover, even 1f the edge
of the flexible display panel 1s 1n contact with the cover first,
and then the 1nside 1s 1n contact, air will be released through
the first hole group 5 without generating air bubbles.

The present application further provides a display device,
which may include the flexible display panel as described in
any one of the above. The specific structure of the flexible
display panel has been described 1n detail above; therefore,
it will not be repeated here.

The specific type of the display device 1s not particularly
limited, and any type of display device commonly used 1n
the field can be used, for example, OLED displays, mobile
devices such as cell phones, wearable devices such as
watches, VR devices and so on. A person skilled in the art
may choose the display device according to the specific use
of the display device, and will not repeat here.

It should be noted that the display device, 1n addition to
the flexible display panel, also includes other necessary
components and compositions. Taking the display as an
example, 1t may further include, 1n particular, a housing, a
circuit board, a power cord, etc., which may be supple-
mented by a person skilled 1n the art according to the specific
requirements of the use of the display device, and will not
be repeated here.

Compared with the prior art, the beneficial effects of the
display device provided by the embodiments of the present
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application are the same as those of the tlexible display panel
provided by the above-mentioned embodiments, which wall
not be repeated here.

The present application further provides a method for
preparing a tlexible display pane, which may include the
following steps.

In a process for forming the flexible display panel, a
plurality of first hole groups are formed i1n the comer
bending area by two etching processes, where the corner
bending area 1s bent with a width of a first hole group in
middle of the corner bending area increasing and a width of
a first hole group 1n an edge area on a side of the corner
bending area away from the planar area decreasing.

Specifically, referring to FIG. 22, this figure only indicates
the depth of the first hole group 5 and the second hole group
9, that 1s, the first hole group 3 and the second hole group 9
through which film layer, the locations of which in the plane
has been detailed above and will not be repeated here. The
area referred to by A 1n the figure 1s the perforated area, and
the depth of the area A indicates the depth of the first hole
group 5 and the second hole group 9. A tlexible substrate 20,
a blocking layer group 11 (first blocking layer, second
blocking layer, and bufler layer), an active layer 12, a first
gate insulating layer 13, a gate 14, a second gate msulating
layer 15, and a interlayer dielectric layer 16 can be formed
on a glass carrier 10, and then the first mask (Etch Bending
A MASK, or EBA MASK) 1s applied to the comer bending
area (1.e., the perforated areca A) to remove the first gate
insulating layer 13, the second insulating layer 15, and the
interlayer dielectric layer 16, and the second mask (Etch
Bending B MASK, or EBB MASK) 15 applied to the corner
bending area 3 to form a plurality of first via holes on the
first blocking layer, the second blocking layer, and the bufler
layer; source and drain electrodes 17 are formed in the
display area; a planarization layer 18 1s formed, and then the
planarization layer 18 and the flexible substrate 20 in the
corner bending area 3 are then perforated to form a plurality
of second via holes or second blind holes. The plurality of
second via holes or second blind holes are connected to the
plurality of first via holes to form the first hole group 5 and
the second hole group 9. In the other embodiments of the
present application, the first hole group 5 and the second
hole group 9 may penetrate through all the insulating layer,
passivation layer, planarization layer, buller layer, protective
layer, and nterlayer dielectric layer, etc., located in the
corner bending area 3. The width of the first hole group 5 1n
the middle of the corner bending area 3 increases after the
corner bending area 3 1s bent, and the width of the first hole
group 5 in the edge area of the corner bending area 3
decreases.

Finally, the tflexible display panel i1s formed by forming an
anode 19, a pixel definition layer, a light-emitting layer, a
cathode, and an encapsulation layer, etc. 1n turmn.

The embodiments further provide a display module that
may include a cover, a carrier film and a flexible display
panel as described 1n any of the above. The carrier film 1s
used to carry the flexible display panel when the flexible
display panel 1s laminated to the cover.

Referring to FI1G. 23, the carner film may include a plane
carrying area first bending and carrying area 71, a second
bending and carrying area 72, and a corner bending and
carrying arca 8. The plane carrying area 6 1s used for
carrying the planar area 1 of the flexible display panel. The
first bending and carrying area 71 1s connected to the edge
of the plane carrying area 6 along the first direction, and can
be used for carrying the first bending area 21 of the tlexible
display panel. The second bending and carrying area 72 1s
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connected to the edge of the plane carrying area 6 along the
second direction, and 1s used for carrying the second bend-
ing area 22 of the tlexible display panel, the second direction
being at a set angle to the first direction. The corner bending
and carrying area 8 1s connected to the corner of the plane
carrying area 6, and 1s used for carrying the corner bending
area. 3 of the flexible display panel, where a space 1is
provided between the corner bending and carrying area and
the first bending and carrying area 71, and a space 1s
provided between the corner bending and carrying area and
the second bending and carrying area 72.

In this embodiment, the plane carrying area 6 can be set
as a rectangle with rounded corners, and the plane carrying
arca 6 carries the planar area 1 of the flexible display panel
without bending. The plane carrying area 6 has four straight
edges and four arc-shaped edges. The four straight edges can
be two long edges and two wide edges.

The four straight edges of the plane carrying area 6 are
connected with two first bending and carrying areas 71 and
two second bending and carrying areas 72. The first bending
and carrying area 71 can be a long-edge bending and
carrying area, the first edge of the plane carrying area 6 can
be the long edge of the plane carrying area 6, and the first
direction can be the length direction of the plane carrying
area 6. Two first bending and carrying area 71 are connected
to the two first edges of the plane carrying area 6 along the
first direction, that 1s, two first bending and carrying area 71
are connected to the two long edges of the plane carrying
area 6 along the length direction. The second bending and
carrying area 72 can be a wide-edge bending and carrying
area, the second edge can be the wide edge of the plane
carrying area 6, and the second direction can be the width
direction of the plane carrying area 6. Two second bending
and carrying areas 72 are connected to the two second edges
of the plane carrying area 6 along the second direction, that
1s, two second bending and carrying areas 72 are connected
to the two wide edges of the plane carrying area along the
width direction.

The width of the first bending and carrying area 71 and the
second bending and carrying area 72 1s the same, the length
of the first bending and carrying area 71 1s the same as the
length of the first edge, and the length of the second bending
and carrying area 72 1s the same as the length of the second
edge.

The length of the plane carrying area 6 can be equal to the
length of the planar areca 1, and the width of the plane
carrying area 6 can be equal to the width of the planar area
1.

The length of the first bending and carrying area 71 can
be equal to or greater than the length of the first bending area
21, and the width of the first bending and carrying area 71
can be greater than the width of the first bending area 21, so
as to facilitate holding the first bending and carrying area 71
with a clip. The width of the second bending and carrying
area 72 can be greater than the width of the second bending
region 22, to facilitate the holding of the edge of the second
bending and carrving area 72 with a clip.

Of course, 1t should be understood that the plane carrying,
area 6 can be set as a night-angle rectangle, a rounded square,
a right-angle square, etc. consistent with the flexible display
panel, and can also be set as a trapezoid, a parallelogram,
etc. as required.

In this embodiment, the corner bending and carrying area
8 1s connected to the corner of the plane carrying area 6, that
1s, the corner bending and carrying area 8 1s connected to the
arc-shaped edge of the plane carrying area 6. Specifically,
the corner bending and carrying areca 8 can be set as a
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rectangle with a curve on one side, and the curve 1s con-
nected with the arc-shaped edge of the plane carrying area
6, and the straight edges on both sides of the curve form an
angle with the first bending area 21 and the second bending
area 22. The length of the corner bending and carrying area
8 1s greater than the length of the corner bending area 3,
convenient to use the clip to hold the edge of the corner
bending and carrying area 8.

In addition, 1t should be noted that in the case where the
plane carrying area 6 can be set as a right-angle rectangle,
a right-angle square, a trapezoid, a parallelogram, etc., the
corner bending and carrying arca 8 can be set as a sector, a
parallelogram or a square.

Referring to the structural schematic diagram comprising,
the edge position of the flexible display panel with and
without the tension of the carrier film shown 1n FIG. 24 and
FIG. 25, point B indicates the edge position of the corner
bending area of the flexible display panel when 1t 1s attached
to the sphere of the four corners of the cover and there 1s no

tension of the carrier film 1n the corner bending area, where
DA=DB and the length of the edge curve of the corner
bending area 1s less than the length of the curve of the comer
bending area before lamination, which 1s under pressure and
casy to produce wrinkles. Point C indicates the edge position
of the corner bending area when it 1s attached to the sphere
ol the four corners of the cover and there 1s a tension of the
carrier film 1n the comer bending area. In the figures, R1
indicates the radius of the edge of the corner bending area
when 1t 1s attached to the sphere without the tension of the
carrier film, and R2 indicates the radius of the circumiference
of the edge of the comer bending area when 1t 1s attached to
the sphere with the tension of the carrier film, 1n which case
the corner bending area 1s not easy to produce wrinkles after
being stretched.

The {features, structures, or characteristics described
above may be combined in any appropriate manner in one or
more embodiments, and the features discussed 1n the various
embodiments are interchangeable, 1f possible. In the above
description, many specific details are provided thereby giv-
ing a full understanding of the embodiments of the present
application. However, those skilled in the art will understand

the present application without one or more of the specific
details described, or that other methods, components, mate-
rials, etc. may be employed. In other istances, well-known
structures, materials, or operations are not shown or
described in detail to avoid obscuring aspects of the present
application.

Although relative terms such as “up” and “down” are used

that 1t 1s possible to practice the technical embodiments of
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in this specification to describe the relative relationship of 50

one component of the reference numeral to another, these
terms are used in this specification only for convenience, for
example, according to the orientation of the examples
described 1n the accompanying drawings. It should be under-
stood that 1f the device indicated by the reference numeral 1s
flipped so that 1t 1s upside down, the component described as
being “up” will become the component described as being
“down”. When a structure 1s “on” other structures, it may
mean that a structure 1s integrally formed on other structures,
or that a structure 1s “directly” set on other structures, or that
a structure 1s “indirectly” set on other structures through
another structure.

In this specification, the terms “one”, “a”, “the”, “said”
and “at least one” are used to indicate the presence of one or
more elements/'components/etc. The terms “comprises”,
“includes™ and “has” are used to indicate an open-ended
inclusion and to mean that additional elements/components/

55

60

65

14

etc. may exist i addition to those listed elements/compo-
nents/etc. The terms “first”, “second”, and “third” are used
only as marks and are not intended to limit the number of
objects thereof.

It should be understood that the present disclosure does
not limit its application to the detailed construction and
arrangement ol the components presented in this specifica-
tion. The present disclosure can have other embodiments
and can be realized and performed 1n a variety of ways. The
aforementioned variant and modified firms fall within the
scope of the present disclosure. It should be understood that
the present application as disclosed and limited by this
specification extends to all alternative combinations of two
or more 1ndividual features mentioned or apparent in the text
and/or the accompanying drawings. All such diflerent com-
binations constitute multiple alternative aspects of the pres-
ent application. The embodiments described 1n this specifi-
cation 1llustrate the best manner known for implementing
the present application and will enable those skilled 1n the art

to utilize the application.

What 1s claimed 1s:

1. A flexible display panel, comprising:

a planar area;

a first bending area connected to a first edge of the planar
area along a first direction;

a second bending area connected to a second edge of the
planar area along a second direction, the second direc-
tion being at a set angle to the first direction; and

a corner bending area connected to a corner of the planar
area and connected between the first bending area and
the second bending area, and provided with a plurality
of first hole groups, wherein the corner bending area 1s
bent with a width of a first hole group 1n middle of the
corner bending area increasing and a width of a first
hole group 1n an edge area on a side of the corner
bending area away from the planar area decreasing;
wherein the corner bending area 1s further provided
with a plurality of second hole groups, the corner
bending area 1s bent with a width of a second hole
group 1n the middle of the comer bending area increas-
ing and a width of a second hole group 1n the edge area
of the corner bending area increasing; and wherein the
first hole group extends in a third direction, and the
second hole group extends 1n a fourth direction, the
third direction intersecting the fourth direction.

2. The flexible display panel of claim 1, wherein the
plurality of first hole groups are arranged in a plurality of
rows, each row of first hole groups being arranged 1n a same
direction as an extension direction of an edge of a side, away
from the planar area, of the corner bending area.

3. The flexible display panel of claim 2, wherein the
corner bending area 1s provided 1n a sector shape or a partial
annular shape; and a first hole group 1s provided in a strip
shape, a length direction of the first hole group 1s consistent
with a radial direction of the corner bending area, and at least
one pixel 1s provided on one side of the first hole group 1n
a width direction.

4. The flexible display panel of claim 3, wherein first
center lines of two first hole groups adjacent to each other 1n
the radial direction are aligned 1n the same radial direction
or staggered with each other, the first center lines extending
in a same direction as the length direction of the two {first
hole groups.

5. The flexible display panel of claim 3, wherein

a second hole group 1s provided 1n a strip shape, and a
second center line of the second hole group 1s consis-
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tent with the radial direction and extends in a same
direction as a width direction of the second hole group.

6. The flexible display panel of claim 3, wherein the
plurality of second hole groups are arranged 1n a plurality of
rows, each row of second hole groups being arranged in a
same direction as the extension direction of the edge of the
side, away from the planar area, of the corner bending area.

7. The flexible display panel of claam S, wherein the
second center lines of two second hole groups adjacent to
cach other in the radial direction are aligned 1n the same
radial direction or staggered with each other.

8. The flexible display panel of claim 35, wherein

a width of a first hole group 1n the middle and the edge

area ol the corner bending area 1s greater than a width
of a first hole group 1n remaining part of the corner
bending area other than the middle or the edge area of
the corner bending area; and/or

a width of a second hole group 1n the middle and the edge

area of the comer bending area 1s greater than a width
ol a second hole group in remaining part of the corner
bending area other than the middle or the edge area of
the corner bending area.

9. The flexible display panel of claim 5, wherein

a density of first hole groups 1n the middle and the edge

area of the corner bending area 1s greater than a density
of first hole groups in remaining part of the corner
bending area other than the middle or the edge area of
the corner bending area; and/or

a density of second hole groups 1n the middle and the edge

areca ol the corner bending area 1s greater than a density
of second hole groups 1n remaining part of the coiner
bending area other than the middle or the edge area of
the corner bending area.

10. The flexible display panel of claim 5, wherein two first
hole groups adjacent to each other 1n a tangential direction
and two second hole groups adjacent to each other 1n the
radial direction surround to form a trapezoid.

11. The flexible display panel of claim 5, wherein the first
hole group comprises one first hole, a cross section of the
first hole being rectangular, elliptical or trapezoidal; and the
second hole group comprises one second hole, a cross

section of the second hole being rectangular, elliptical or
trapezoidal.

12. The flexible display panel of claim 5, wherein the first
hole group comprises a plurality of first holes arranged along,
the length direction of the first hole group, a cross section of
a first hole being circular, rectangular or elliptical; and the
second hole group comprises a plurality of second holes
arranged along the length direction of the second hole group,
a cross section of a second hole being circular, rectangular
or elliptical.

13. The tlexible display panel of claim 5, wherein the first
hole group comprises a plurality of first holes arranged along,
the width direction of the first hole group, a cross section of
a first hole being rectangular or elliptical; and the second
hole group comprises a plurality of second holes arranged
along the width direction of the second hole group, a cross
section of a second hole being rectangular or elliptical.

14. The flexible display panel of claim 5, wherein

the width of the second hole group 1s greater than or equal

to 5 um and less than or equal to 20 um;

a length of the second hole group 1s greater than or equal

to 100 um and less than or equal to 1000 um;

a depth of the second hole group i1s greater than or equal

to 20 um and less than or equal to 60 um;
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a distance between two second hole groups adjacent to
cach other in the radial direction 1s greater than or equal
to 150 um and less than or equal to 1200 um; and

a distance between two second hole groups adjacent to
cach other 1n a tangential direction 1s greater than or
equal to 150 um and less than or equal to 1200 um.

15. The flexible display panel of claim 5, wherein the
plurality of first hole groups are provided 1 a side of an
anti-crack dam away from a display area, and the plurality
of second hole groups are provided in the side of the
anti-crack darn away from the display area.

16. The tlexible display panel of claim 3, wherein

the width of the first hole group 1s greater than or equal to
5 um and less than or equal to 20 um;

a length of the first hole group 1s greater than or equal to
100 um and less than or equal to 1000 um;

a depth of the first hole group 1s greater than or equal to
20 um and less than or equal to 60 um,

a distance between two first hole groups adjacent to each
other 1n the radial direction 1s greater than or equal to
150 um and less than or equal to 1200 um; and

a distance between two first hole groups adjacent to each
other 1n a tangential direction 1s greater than or equal to
150 um and less than or equal to 1200 um.

17. The flexible display panel of claim 1, wherein first
hole groups close to an edge of the flexible display panel are
channeled to the edge of the flexible display panel to form
a plurality of notches at the edge of the flexible display
panel.

18. A display device, comprising a flexible display panel,
wherein the flexible display panel comprises:

a planar area;

a {irst bending area connected to a first edge of the planar

area along a first direction;

a second bending area connected to a second edge of the
planar area along a second direction, the second direc-
tion being at a set angle to the first direction; and

a corner bending area connected to a corner of the planar
area and connected between the first bending area and
the second bending area, and provided with a plurality
of first hole groups, wherein the corner bending area 1s
bent with a width of a first hole group 1n middle of the
corner bending area increasing and a width of a first
hole group 1n an edge area on a side of the corner
bending area away from the planar area decreasing.

19. A method for preparing the flexible display panel of
claim 1, wherein the method comprises:

forming a plurality of first hole groups and a plurality of
second hole groups 1n the corner bending area by two
etching processes, wherein the corner bending area 1s
bent with a width of a first hole group 1n middle of the
corner bending area increasing and a width of a first
hole group 1n an edge area on a side of the corner
bending area away from the planar area decreasing;

wherein the corner bending area 1s bent with a width of a
second hole group in the middle of the corner bending
area mcreasing and a width of a second hole group 1n
the edge area of the corner bending area increasing; and
wherein the first hole group extends 1n a third direction,
and the second hole group extends 1n a fourth direction,
the third direction intersecting the fourth direction.

20. A display module, comprising:

a cover;

a tlexible display panel, wherein the flexible display panel
comprises: a planar area; a first bending area connected
to a first edge of the planar area along a first direction;
a second bending area connected to a second edge of
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the planar area along a second direction, the second
direction being at a set angle to the first direction; and
a corner bending area connected to a corner of the
planar area and connected between the first bending
area and the second bending area, and provided with a
plurality of first hole groups, wherein the corner bend-
ing area 1s bent with a width of a first hole group 1n
middle of the corner bending area increasing and a
width of a first hole group 1n an edge area on a side of
the corner bending area away from the planar area
decreasing: wherein the corner bending area 1s further
provided with a plurality of second hole groups, the
corner bending area 1s bent with a width of a second
hole group in the middle of the cormer bending area
increasing and a width of a second hole group 1n the
edge arca of the corner bending area increasing; and
wherein the first hole group extends 1n a third direction,
and the second hole group extends in a fourth direction.
the third direction 1ntersecting the fourth direction; and
a carrier film for carrying the flexible display panel when
the flexible display panel i1s laminated to the cover,

wherein the carrier film comprises:
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a plane carrying area for carrving the planar area of the
flexible display panel;

a first bending and carrying area connected to a {first
edge of the plane carrying area 1n a first direction, for
carrying the first bending area of the flexible display
panel;

a second bending and carrying area connected to a
second edge of the plane carrying area in a second
direction, for carrying the second bending area of the
flexible display panel, the second direction being at
a set angle to the first direction; and

a comer bending and carrying area connected to a
corner of the plane carrying area, for carrying the
corner bending area of the flexible display panel,
wherein a space 1s provided between the comer
bending and carrying area and the first bending and
carrying area, and a space 1s provided between the
cormner bending and carrying area and the second
bending and carrying area.
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